Background: As smoking is the leading preventable cause of multiple diseases and premature cancer deaths, estimating the burden of cancer attributable to smoking has become the standard in documenting the adverse impact of smoking. In Indonesia, there is a dearth of studies assessing the economic costs of cancers related to smoking. This study aimed to estimate indirect mortality costs of premature cancer deaths and years of potential life lost (YPLL) attributable to smoking among the Indonesian population. Materials and Methods: A prevalence based method was employed. Using national data, we estimated smoking-attributable cancer mortality in 2013. Premature mortality costs and YPLL were estimated by calculating number of cancer deaths, life expectancy, annual income, and workforce participation rate. A human capital approach was used to calculate the present value of lifetime earnings (PVLE). A discount rate of 3% was applied. Results: The study estimated that smoking attributable cancer mortality was 74,440 (30.6% of total cancer deaths), comprised of 95% deaths in men and 5% in women. Cancers attributed to smoking wereresponsible for 1,207,845 YPLL. Cancer mortality costs caused by smoking accounted for USD 1,309 million in 2013. Among all cancers, lung cancer is the leading cause of death and economic burden. Conclusions: Cancers related to smoking pose an enormous economic burden in Indonesia. Therefore, tobacco control efforts need to be prioritized in order to prevent more losses to the nation. The data of this study are important for advocating national tobacco control policy.
Introduction
Smoking is considered to be an important cause of premature cancer mortality and disability. In 2008, about 7.6 million people worldwide have died due to cancers (Ferlay et al., 2010) . By 2030, it is projected that there will be 26 million new cancer cases and 17 million cancer deaths per year (Ezzati and Lopez, 2004) . The burden of cancer study currently is being held in ASEAN region, including Indonesia that involve 10,000 newly diagnosed patients with cancer, in order to assess the health and socioeconomic impact of cancer . Smoking is regarded as one of the most important risk factors causes various types of cancers (Mathers et al., 2008) . Based on GLOBOCAN data, about 271,211 people in Southeast Asia have died from cancer in 2008 .
To reduce mortality of cancers, implementing the universal coverage especially in lower middle income countries like Indonesia must be encouraged (Akaza et al., 2015). Currently cancer is major concerns of public health in Indonesia due to the high cost of treatment and substantial burden to the national budget since universal coverage has been applied in 2014. In fact, Indonesian smokers is highest among ASEAN countries (Lian and Dorotheo, 2013) and the country recently is not ratify WHO FCTC and there is no restrict legislations to protect nonsmokers (WHO Framework Convention on Tobacco Control, 2014).
It has been identified several preventive measures that most feasible approach to mitigate the global increase in cancer in developing countries. Foremost among these are the need to strengthen efforts in tobacco control (Thun et al., 2010) . Presenting the data on smoking impacts into monetary values is important to advocate government in implementing national tobacco control initiatives. Important indicator developed by WHO in this way is the Economics of tobacco toolkit on the assessment of the economic costs of smoking (World Health Organization, 2011a) . Focus on mortality data, this includes smoking attributable fractions, mortality rate, Years potential life lost (YPLL) and smoking attributable mortality costs (SAMC). Burden of cancer is considered very crucial in economics (Hanly et al., 2014) and measuring the mortality costs of cancers related to smoking is very important for country that the prevalence of smoking is high
In Indonesia, at first time, economic cost study has been conducted in 2008, resulted 602,350 deaths due to diseases attributed to smoking or almost one third of the estimated total deaths in the same year, and DALYs loss of 13,066,230 or 25.5% of total DALYs loss in the same year and at the macro level, the DALYs loss caused economic loss of 18.5 billion USD (National Institute of Health Research and Development (NIHRD), 2009). In our study, a first attempt for Indonesia setting, an analysis of the cancer due to smoking mortality costs employed an updated epidemiological data and national monetary data was undertaken. This study aimed to estimate the indirect mortality costs attributable to smoking and YPLL in cancers among Indonesian population in 2013.
Materials and Methods
In the present study, the prevalence-based, diseasespecific approach was applied to estimate the cancers mortality attributed to smoking, premature cancer mortality costs attributed to smoking, and years of potential life lost (YPLL) from human capital perspective. The 11 cancers related to smoking were considered to be included based on national data availability and the SAF was used to estimate the number of cancer deaths due to smoking.
Data sources
Smoking prevalence: the smoking prevalence was obtained from secondary data of Basic Health Survey 2013 that has been collected from 33 provinces and 497 districts/municipalities. Respondents were consisted of 300,000 household samples. Data were collected via household interview during Mei-June 2013 (Ministry of Health, 2013) .
Relative risks: The relative risks of target cancers for smokers were obtained from published article as described in Table 1 (Gandini et al., 2008) .
Number of deaths for each cancer: country information of adult mortality was predicted from NIHRD (National Institute of Health and Research Development) were used. The number of deaths by age and sex were derived from the study that has been conducted in five public general hospitals namely Dharmais Cancer Hospital Jakarta, Persahabatan Hospital Jakarta, Soetomo Provincial Hospital Surabaya, Sardjito Provincial Hospital Yogyakarta, and Sanglah General Hospital Denpasar (National Institute of Health Research and Development (NIHRD), 2009).
Calculation of smoking attributable mortality (SAM) and smoking attributable fraction (SAF)
Sex and age-specific smoking attributable mortality (SAM): SAM were calculated by multiplying the total number of deaths (by age 15-59, 60-80, and >80 years old) for 11 cancer sites by the smoking attributable fraction (SAF) of each cancer site.
Smoking attributable fraction (SAF %): the attributable fractions provides estimates of the public health burden of each risk factor and relative importance of risk factor for multifactorial diseases (Mathers CD, 2001 ). The disease specific SAF were derived using sex-specific relative risk (RR) estimated from meta-analysis (Gandini et al., 2008) . SAF formula is as follow (World Health Organization, 2011a):
Where "p" denotes the smoking prevalence rate and "RR" denotes the relative risk of the disease of interest.
Calculation of the YPLL and SAMC
Cancers due to smoking YPLLs and premature mortality costs: were estimated by multiplying sex-and age-specific cancer deaths remaining life expectancy (World Health Organization, 2010) and lifetime earnings data (National Bureau of Statistics, 2013) In addition, demographic data was based on population census 2010 conducted by National Statistics Bureau and its projection for 2013 was used to calculate % of workforce participation as a factor to derives lifetime earning data. DOI:http://dx.doi.org/10.7314/APJCP.2015.16.16 
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The study was approved by Medical and Health Research Ethics Committee (MHREC) on July 2014 at the University of Gadjah Mada with approval number KE/FK/808/EC.
Results
The cancer relative risks and smoking-attributable fractions (SAF) are shown in Table 1 . In male, lung cancer showed the greatest SAF (85.21%), while in female's lung cancer was 12.14% attributable to smoking, followed by larynx cancer (69.54% and 11.16% for male and female respectively) and mouth & oropharynx cancer (62.09% and 5.55% for male and female respectively). In all cancers the SAFs were found to be substantially higher in male than in female because of the prevalence of smoking in Indonesia was higher in male rather than in female (67.4% are male smokers and 4.5% are female smokers).
The estimated numbers of deaths attributable to smoking are summarized in Table 2 . During 2013, an estimated 74,440 people in Indonesia died prematurely as a result of cancers attributable to smoking, accounted for 30.6% of the total cancer deaths. The proportion of adult deaths attributable to smoking was 95% for men and 5% for women respectively, following the smoking prevalence that higher in male. The data delineated three leading cancer deaths attributable to smoking were lung cancer 34,786 (46.7%), 12,278 (16.5%) by mouth & oropharynx cancer and 10,714 (14.4%) by liver cancer.
As shown in Table 2 , all YPLL due to 11 major cancers amounted to 1,145,988 for males and 61,856 for females, and accounted for 95% and 5% of YPLL for males and females, respectively. Both for males and females, the YPLL due to lung cancer, mouth & oropharynx cancer, and liver cancer were the three highest. Because of the high mortality rate in the 35-59 age group, it is reasonable to see that this age group had the highest YPLL. Therefore, we need to pay more attention to the prevention of cancer deaths due to smoking for males in this age group, because their productivity will be lost. When we examined closely, we found that these lung cancer, mouth & oropharynx cancer, and liver cancer deaths among male were about 78% of the YPLL total. We also found that about 77% of YPLL among female was due to mouth, lung, and cervix uteri cancer. The top three of premature mortality costs in male were lung cancer (USD 609 million), mouth & oropharynx cancer ( USD 206 million), and liver cancer (USD 191 million). In female, the leading premature costs was lung cancer (USD 11.6 million), followed by mouth & oropharynx (USD 8.4 million) and liver cancers (USD 2.1 million). The total premature cost in male was 45 times higher than that of female. Table 4 shows that if the prevalence rates of smoking in 2013 had increased 10%, the SAFs would have been greater by 0.02 point for male and 0.01 point for female. Additional 6,094 deaths and 2,507 deaths for male and female respectively would be occurred. If the prevalence rates of smoking were at 1% decreasing of the 2013 prevalence, there would have no significant reduction in number of deaths attributable to smoking both for male and female.
Sensitivity analysis

Discussion
This study was the first attempt in estimating the burden of cancers attributable to smoking in Indonesia. Smoking is currently a very important determinant of mortality among Indonesian (74,440), accounted for 30.6% of total cancer deaths (National Institute of Health Research and Development (NIHRD), 2009) and 7.23% of national total deaths (World Health Organization, 2011b). However, the proportion of cancer deaths caused by smoking exhibited large variations among different sex (for men 95% of total cancer mortality and female 5 % of total cancer mortality). In addition, the number of smoking-attributable cancer deaths varies according to trend in the number of deaths from cancer itself.
This figure is lower than another country such as US (443,000 deaths in 2004) (Centers for Disease Control and Prevention (CDC), 2008) and China (552,280 deaths in 2008) (Yang et al., 2011) . The differences occur because the shape and maturity of the smoking epidemic is highly affected by region-specific socioeconomic and cultural determinants of smoking, as well as because background mortality varies across populations.
The different pattern in the variety of cancer death was captured in this study if compared with other countries. For example Iranian study found that stomach cancer, lung cancer, and prostate cancer were the leading cancer deaths (Khorasani et al., 2015) . In Korea, tobacco smoking was responsible for 71% of lung cancer deaths, 55-72% of upper aerodigestive tract (including oral cavity, pharynx, oesophagus and larynx) and 32% of stomach cancer deaths (Park et al., 2014) It predicts that the number of smoking-attributable cancer deaths will remain high and relatively unchanged, primarily because of increases in population size (particularly among older age groups). At present, cohort of smokers with highest peak prevalence still not reached the ages with highest incidence of smoking attributable diseases especially in cancer and others noncommunicable diseases, therefore the highest prevalence of these deaths will be occurr in the next 20-30 years. Currently, non-communicable diseases (NCDs) account for 63% of total deaths in Indonesia (World Health Organization, 2011b). In the case of Indonesia, cancers have the largest contribution NCDs mortality. Hence, the country is still clearly grappling with a double burden of disease. Given that health spending in Indonesia is a mere 1.3% of GDP (World Bank, 2011) .
The findings were similar to other studies that found lung cancer make up a much larger proportion of total smoking-attributable deaths (Sung et al., 2006; Park et al., 2014) . However, it should be acknowledged that regional differences in nutritional, behavioral, and environmental factors and medical care, makes different in the trend of diseases' risk factors. Parallel to changes in these risk factors, smoking increased substantially in most developing countries over the last quarter of the twentieth century, with an estimated 930 million of the world's 1.1 billion smokers currently living in the developing world (World Health Organization, 2012) .
Compared to the earlier estimations on SAFs in Indonesia (National Institute of Health Research and Development (NIHRD), 2009), this study represents a major improvement in two ways. First, the RR of current smokers versus non-smokers was provided by recent published articles that provided comprehensive smoking exposure and mortality data. Second, the prevalence rate of smoking among male and female came from the current Basic Health Survey database. These data represented the 95% of the total population. Therefore the current estimation of SAFs was more precise. Smoking attributable fractions are highest for lung cancers, larynx DOI:http://dx.doi.org/10.7314/APJCP.2015.16.16 
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and mouth & oropharynx, ; however, because of the absolute number of deaths were highest for lung cancer, mouth & oropharynx, and liver cancer, it contributes a large number of smoking-attributable deaths.
Productivity lost presented by years of potential life lost show that YPLL total accounted for an estimated 1,207,845 in total YPLL. Most smoking attributable YPLL were related to lung cancer, mouth & oropharynx cancer and liver cancer. A huge number of Indonesian YPLL captures substantial potential lost productivity due to cancer mortality attributable to smoking. Similar findings were highlighted by Korean study, that the most leading years with disability due to smoking were lung cancers (366 DALY) and liver cancers (341.6 DALY) (Oh et al., 2012) .
The results of the present study show that cancers due to smoking cost the Indonesia economy an estimated USD 1,309 million in 2013, comprised of USD 1,280 million for male and USD 29.5 million for female. Lung cancer was the leading cause of smoking attributable mortality costs. These findings were in line with Korean data that the most costly were lung cancer, followed by liver cancers and stomach cancer (Oh et al., 2012) . Because of higher YPLL and higher labor force participation rates, it is not surprising that the male group accounted for much of the cost. Similar pattern was found in Iranian study (Khorasani et al., 2015) that cost of cancers among male was higher than female counterpart. Although we neglected the income from the underground economy and opportunity cost of housekeeping would underestimate the cost of premature death for females, it is not a major problem in this study because most of the SAFs for females are zero or trivial.
This study confirms that the highest prevalence of smoking in Indonesia among ASEAN countries imposes a substantial economic burden as well as a considerable public health impact.
The findings in this report are subject to limitations. First, the estimates understate cancer deaths attributable to tobacco use because did not take into acount former smokers. Estimates of cancer deaths attributable to pipe smoking and smokeless tobacco use were also unavailable. Second, RRs were based on published studies in developed world which was might have had different smoking histories such as age of initiation and duration of smoking before quitting, rather than current or former smokers. Third, this report used mortality data from 5 hospitals only, therefore mortality of attributable to smoking might be underestimate. Uncertainty nonetheless remains, especially in Indonesia where both complete mortality records and detailed studies of disease risk factors are less common. Therefore, comparing the results from previous studies that used similar approaches to quantify the economic impacts of smoking is needed. Moreover, premature mortality costs understate the total costs of cancer due smoking because costs associated with cancer-related disability, health care expenditure in cancer treatment were not included.
In conclusion, cigarette smoking continues to impose substantial health and financial costs on the society. The prevalence based, disease-specific analysis described here shows clearly that the health and economic impact of cancers attributed to smoking in Indonesia are very dramatic, and should be reduced by implementing smoking cessation and related tobacco control policies in order to reducing the high prevalence of smoking in Indonesia. [Online]. Geneva: WHO. Yang L, Sung H, Mao Z, et al (2011) . Economic costs attributable to smoking in China: Update and an 8-year comparison, 2000 
